Cancer pain is prevalent and often multifactorial. For a segment of the cancer pain population, pain control remains inadequate despite full compliance with the WHO analgesic guidelines including use of co-analgesics. The failure to obtain acceptable pain or symptom relief prompted the inclusion of a fourth step to the WHO analgesic ladder, which includes advanced interventional approaches. Interventional pain-relieving therapies can be indispensable allies in the quest for pain reduction among cancer patients suffering from refractory pain. There are a variety of techniques used by interventional pain physicians, which may be grossly divided into modalities affecting the spinal canal (e.g., intrathecal or epidural space), called neuraxial techniques and those that target individual nerves or nerve bundles, termed neurolytic techniques. An array of intrathecal medications are infused into the cerebrospinal fluid in an attempt to relieve refractory cancer pain, reduce disabling adverse effects of systemic analgesics, and promote a higher quality of life. These intrathecal medications include opioids, local anesthetics, clonidine, and ziconotide. Intrathecal and epidural infusions can serve as useful methods of delivering analgesics quickly and safely. Spinal delivery of drugs for the treatment of chronic pain by means of an implantable drug delivery system (IDDS) began in the 1980s. Both intrathecal and epidural neurolysis can be effective in managing intractable cancer-related pain. There are several sites for neurolytic blockade of the sympathetic nervous system for the treatment of cancer pain. The more common sites include the celiac plexus, superior hypogastric plexus, and ganglion impar. Today, interventional pain-relieving approaches should be considered a critical component of a multifaceted therapeutic program of cancer pain relief.
in 67% of patients with advanced disease. [1] [2] [3] In an era of multimodal approaches to reducing pain, it is notable that 46% of dying patients lack adequate pain treatment at death, as reported by family members. 4 Improving pain control has been a topic of interest for numerous agencies including the Joint Commission on Accreditation of Health Organizations (JCAHO), with its memoranda on Cancer Pain published in 1999 5 Reprinted with permission. In 1986, the WHO published a 3-tiered ladder as a guideline for managing cancer pain (Fig. 1) . Prospective trials have demonstrated the ladder's widespread efficacy, and the latest trial reports 76% satisfaction with systemic medications in a 10-year follow-up of 2118 cancer patients. 7 Yet, nearly 50% of these patients have reached the final tier of the WHO ladder in order to control their pain, and some yearn for another step of the ladder that would enhance the quality of their remaining life.
Opioid therapy remains the mainstay of cancer pain control, 8 and adherence to the WHO analgesic ladder reportedly manages pain in the majority of cancer patients. 9 In some patients however, the adverse-effect profile of opioids prevents them from benefiting maximally from opioid therapy and leads to needless suffering. 4, 10 For instance, gastrointestinal side effects may include both constipation and nausea. Constipation requires stool softeners and laxatives in proportion to the dosage and gastrointestinal effect of opioid use. The incidence of nausea as a result of opioid use is estimated to range from 10-40%. 11 Fortunately, tolerance to opioid-induced nausea usually develops over 3-5 days of continual use. 12 Patients with metastatic cancer frequently complain of fatigue as well as pain. Opioids can exacerbate fatigue, depress consciousness, and even hasten depressive symptoms. Some of these symptoms can be managed with psychostimulants like methylphenidate. 13 Opioid-induced respiratory depression, delirium, or confusion may occur, though other causes of these conditions should be investigated in cancer patients.
For a segment of the cancer pain population, pain control remains inadequate despite full compliance with the WHO algorithm including use of co-analgesics. For example, about 14% of cancer pain patients suffer from significant unrelieved pain even when clinicians apply the WHO analgesic guidelines. 14 Patients may experience side effects of medical therapy that severely attenuate the analgesic effects of the medication and reduce compliance. 15 Moreover, persistent adverse effects have been reported in one of every four treatment days with WHO recommended medications. 7 Further, pain in some patients simply fails to respond to dose escalation of opioids or co-analgesics. In these patients, opioid rotation may provide inadequate relief or may more effectively control pain at the expense of intolerable adverse effects. 16, 17 The failure to obtain acceptable pain or symptom relief prompted the addition of a fourth step to the WHO analgesic ladder, 18 which includes advanced interventional approaches. Interventional pain-relieving therapies can be indispensable allies in the quest for pain reduction among cancer patients suffering from refractory pain. These techniques represent a welcome addition to the pain management armamentarium. The more commonly performed procedural interventions for control of cancer pain are discussed in the substance of this article. These procedural approaches include epidural and intrathecal infusion therapies; implantable drug delivery systems (IDDSs); neuraxial neurolytic interventions; and celiac plexus, superior hypogastric plexus (SHP), and ganglion impar blocks and neurolysis.
Interventional Pain-Relieving Techniques
There are a variety of techniques used by interventional pain physicians that may be grossly divided into modalities affecting the spinal canal (e.g., intrathecal or epidural space), called neuraxial techniques, and those that target individual nerves or nerve bundles, termed neurolytic techniques. 19 Neurolytic techniques can be applied to both the neuraxial canal and to specific nerves or nerve bundles.
Neuraxial Techniques
Neuraxial techniques focus on regions of the spinal cord, that correspond to the distribution of pain. By placing medication in close proximity to the entrance of nociceptive (pain) afferent fibers, interneurons, and ascending fibers of the spinal cord, physicians are able to maximize pain relief while minimizing medication toxicity. Neuraxial drugs can bind to neuroreceptors in the dorsal horn of spinal cord, such as N-methyl-D-aspartate (NMDA), opioid, and calcium channels, that modulate the sensation of pain. Other medications lyse or rupture neuronal axons to quell the transmission of pain until axonal regeneration. Clinicians subdivide neuraxial techniques into epidural or intrathecal approaches, depending on the anatomic site of medication delivery.
Epidural Infusion Therapy
Anatomy. The epidural space is located within the spinal canal, between the dura and connective tissues covering the vertebrae and ligamentum flavum (Fig. 2) . Within the epidural space, lymphatics, arteries, and a meshwork of veins travel sporadically within a layer of loose adipose and connective tissue. No free fluid exists in the epidural space. Pain medicine specialists and anesthesiologists use this anatomic space as a repository for delivering medications that modulate pain transmission and pain perception. Epidural catheters can be inserted under sterile conditions, tunneled subcutaneously, and attached to filters. A bag containing analgesic medications is then connected to the system, which establishes the epidural infusion therapy.
Efficacy. Reducing the pain of labor or cesarean section is a common role for epidural analgesia; yet, epidurals are used to effectively treat cancer pain as well. For instance, two studies report that epidural analgesia can provide successful pain relief in 100% 20 and 76% 21 of cancer patients receiving this therapy. One study reported greater pain relief from epidurals placed in the lower half of the body for low thoracic, abdominal, pelvic, or leg pain, though sufficient pain relief was also achieved in over 50% of patients with epidurals placed for upper extremity, neck, or shoulder pain. 21 In our experience, percutaneous epidural analgesia can provide substantial relief in treating severe cancer pain, especially at the end of life. Cost and Complications. When considering long-term epidural catheter therapy for delivery of analgesic medications, clinicians should weight the higher costs of epidural therapy beyond 3 months compared to IDDS therapy 22 and the risk of complications. Epidural catheter infusions require greater drug dose and volume compared to intrathecal infusions. This typically leads to increased cost and more frequent violations of the sterile catheter system to refill the medication bag and exchange the filters. Consequently, infection rates may escalate as a result of more frequent breaks in the sterile system. For instance, one study describes complications occurring in 69% of cancer patients with epidural analgesia, 20 and another study reports complications in 43% of patients with epidural catheter infusions. 21 Many of these complications included catheter dysfunction, superficial and deep tissue infections, and medication-induced adverse effects, such as nausea/emesis, drowsiness, and constipation. Moreover, technical complications (such as infection and catheter dislocation and obstruction) are reported as more frequent with long-term (greater than 1 month) epidural therapy than with long-term intrathecal infusions (55% complication rate compared to 5%, respectively). 23 Compared to intrathecal opioid administration, epidural opioids may carry a reduced risk of respiratory depression. However, epidural opioids generally result in a higher rate of systemic opioid absorption (about 80-90%) and require a higher dose of administration. Furthermore, epidural catheters may lead to dural fibrosis, which can inhibit effective spread of epidural solutions, require escalating doses and volume of drugs (until the analgesia effects attenuate or the catheter obstructs), and impede drug diffusion to the intrathecal space. 23, 24 Intrathecal Infusion Therapy Anatomy. The intrathecal or subarachnoid space refers to the area between the spinal cord's arachnoid membrane and pia mater in which the cerebrospinal fluid circulates. Local anesthetics, opioids, and other agents can be effectively placed into this space in an effort to reduce severe cancer pain. Tunneled and externalized intrathecal catheters can be inserted under sterile conditions and used for short-or long-term treatment of both malignant and nonmalignant pain.
External Delivery of Intrathecal Medication. Trepidation concerning heightened risks of infection and other complications has directed pain clinicians away from the application of externalized intrathecal catheters for delivering analgesic medications. However, specialists have safely used these catheters for 1-2 months and even as long as to 1.5 years 25 in alleviating intractable cancer and noncancer pain conditions. [25] [26] [27] [28] Clinical data support the safety and efficacy of externalized intrathecal analgesia for use in advanced cancer pain, 29, 30 and evidence suggests that intrathecal catheters are safer than epidural catheters if required for greater than 3 weeks of treatment. 31, 32 Furthermore, clinical studies demonstrate that intrathecal morphine can provide more satisfactory pain relief with fewer adverse effects than epidural administration of morphine. [33] [34] [35] In contrast to epidural catheters, externalized intrathecal catheters require smaller drug dose and volume, which permits more compact, portable external infusion devices and more extended periods before refilling the device (medication bag) is necessary. Both ambulatory patients and home health refill teams often consider less frequent refills an advantage. Furthermore, home therapy with externalized intrathecal catheters may provide more acceptable analgesia and improved quality of life in advanced cancer pain than treatment with epidural catheters. 30 Complications. A small number of case reports demonstrate the formation of intrathecal granulomas in patients receiving continuous subarachnoid opioids or admixtures. 36 Most of these cases involved noncancer pain patients who were exposed to the drugs at high doses and/or over a sustained period of time. Other reports show catheter tip masses occurring in patients receiving infusions for almost 1.5 years or having exposure to morphine at high doses. [37] [38] [39] Most externalized intrathecal infusion therapies are offered to cancer patients as a method to control their 
History
Intrathecal administration of analgesic medications probably began in 1885 when J.L. Corning discovered that intrathecal cocaine produced limb paralysis in dogs, and induced anesthesia in humans. 40 The earliest application of morphine for intrathecal use was reported in 1900, and then for epidural use in cancer and postoperative pain in 1979. 41 Spinal delivery of drugs for the treatment of chronic pain by means of an IDDS began in the 1980s. This form of drug delivery used a fixed, continuous rate of infusion and offered clinicians the ability to use lower doses of drug that would generally produce fewer adverse effects (such as sedation, cognitive deficits, fatigue, and constipation). By 1991, battery-powered, externally programmable IDDS pumps entered the U.S. market 42 permitting noninvasive dose changes of drug with an external programmer. Previously, dose changes could only be made by refilling the constant flow rate pumps with different concentrations of medication. 42, 43 Today, clinicians typically implant programmable pumps when frequent dosage changes are likely. The cancer pain population reflects the broader group of chronic pain patients who often require changes to their analgesic therapies in response to the dynamic features of their pain condition. 43 Hence, many physicians implant programmable pumps for ease of dose changes in both cancer and chronic noncancer pain patients.
When the WHO analgesic "ladder" is applied fully, as many as 20% of cancer patients in pain fail to attain adequate pain or symptom control. 2, 14, 44 This group of patients suffering from intractable pain should be considered for interventional pain-relieving therapies, including IDDSs. One randomized controlled trial (RCT) even suggests that earlier implementation of intrathecal therapy may lead to improved outcomes, such as enhanced survival. 45 Delivery of medication intrathecally usually consists of placing a needle or small catheter into the cerebrospinal fluid where a drug can bind directly onto specific receptors in the spinal cord. Several agents, such as opioids, local anesthetics, clonidine, and ziconotide, have been infused by the intrathecal route to successfully reduce cancer pain. The intrathecal route of drug delivery holds substantial value in permitting a 300-fold reduction in opioid dose compared to the oral route. 42, 46 This dose reduction often alleviates the impact of certain toxicities associated with high-dose oral opioid therapy, such as cognitive disturbance, excessive sedation, and severe constipation. Moreover, clinical evidence suggests that intrathecal drug administration can provide more effective analgesia than systemically administered drug. 45 
Intrathecal Medications
An array of intrathecal medications are infused into the cerebrospinal fluid in an attempt to relieve refractory cancer pain, reduce disabling adverse effects of oral or transdermal analgesics, and promote a higher quality of life. Morphine represents the only opioid approved by the FDA for intrathecal use. Many pain specialists and researchers consider morphine the gold standard intraspinal opioid against which all other opioids are compared. For instance, morphine has been shown to be safe and effective for long-term administration based on preclinical and human studies. 42 In practice, hydromorphone, fentanyl, and sufentanil are used as alternatives to morphine in patients who are less responsive to morphine's analgesic properties or who demonstrate intolerable adverse effects to morphine. In fact, guidelines from the 2004 Polyanalgesic Consensus Conference (an expert group that updates clinical guidelines for the use of intraspinal drug infusion in pain management) recommends hydromorphone along with morphine as a first line agent for consideration among pain practitioners. 47 Clonidine, an alpha-2 agonist with analgesic efficacy, is FDA approved for epidural use in the management of cancer pain. A large, welldesigned study performed by Eisenach and colleagues reported the beneficial effects of epidural clonidine for the management of severe cancer pain with neuropathic features. 48 Further, Coombs and colleagues reported the effectiveness of intrathecal clonidine in combination with hydromorphone for the treatment of intractable cancer pain. 49 Clonidine's role as a monotherapy is often dwarfed by its more common use as a dual intrathecal agent with morphine or hydromorphone. Clinically, clonidine seems to simultaneously enhance analgesia and reduce opioid-related toxicity. Practitioners also consider clonidine a useful agent in concert with local anesthetics. Used alone or in combination with opioids or local anesthetics, clonidine can be beneficial in treating patients who exhibit a neuropathic component to their pain. 50 When pain becomes refractory to singular treatment with intrathecal opioids, it may respond to the addition of local anesthetic. Though bupivacaine is not approved by the FDA for intrathecal use, substantial clinical experience and several reports in the literature support its application for treating cancer pain. Moreover, both the Polyanalgesic Consensus Conference 47 and the Cancer Pain Best Practices Algorithm 51 recommend intrathecal bupivacaine as either a first-or second-line agent for the control of refractory cancer pain. Most clinical reports of intrathecal bupivacaine describe combination therapy with morphine, though hydromorphone or other opioids can be substituted for morphine. Bupivacaine used in concert with morphine can behave synergistically to reduce severe cancer pain and attenuate opioid-related toxicity. For instance, the addition of intrathecal bupivacaine to morphine permits a lowered dose of morphine while potentiating treatment efficacy in patients with refractory cancer pain. 26, 52 Clinical experience with bupivacaine demonstrates its effectiveness for controlling neuropathic pain or mixed neuropathic and nociceptive pain associated with malignancy. 26, 47, 51 This parallels the application of intrathecal clonidine to both neuropathic and mixed cancer pain conditions. Intrathecal ziconotide is approved by the FDA for the treatment of refractory cancer pain or AIDS, and data demonstrate its analgesic capability. 53 Moreover, some patients with opioidresistant pain or with intolerable opioid adverse effects may experience relief with ziconotide. 53 The most recent guidelines from the Polyanalgesic Consensus Conference (2007) place ziconotide on a par with morphine and hydromorphone as a first-line agent for the management of pain. 54 Given its blockade of the N-type voltage-sensitive calcium channels in the spinal cord, 55 ziconotide does not induce a withdrawal syndrome upon discontinuation. 56 However, significant cognitive impairment and psychiatric changes can be associated with dose escalation; therefore, clinicians should increase this drug slowly and carefully in order to avoid these drug-limiting effects. Due to its adverse effect profile, ziconotide has yet to gain wide acceptance as an effective analgesic agent for managing cancer pain.
IDDS Overview
An IDDS consists of a small, hockey pucksized electronic pump that delivers drug(s) to the intrathecal space through a catheter (Fig. 3) . Physicians implant the pump subcutaneously in the anterior wall of the abdomen and tunnel the catheter across the flank to the intrathecal space. A reservoir containing the drug is refilled through a port, which is accessed by a needle inserted through the skin. Practitioners program the pump (for instance increase or decrease the dose) by an external, handheld device, which controls the rate of infusion, delivers bolus doses, and provides information about the pump's functional status. The battery life of state-of-the-art programmable pumps can reach 7 years. Consequently, most cancer patients with advanced disease will not require surgical pump replacement during their average lifetime. Advantages of IDDS over tunneled, externalized intrathecal or epidural catheters used for pain control include patient mobility, ease of use, lower maintenance, and cost-effectiveness. 22 Potential complications of an IDDS reported in studies include pump malposition, wound infection, nausea/emesis, pruritus, urinary retention, and hardware malfunction. 57 
Cost Effectiveness
Compared to medical management or to an exteriorized epidural catheter for treating chronic pain, IDDS has been shown to offer cost savings over time. 22, 58 For instance, de Lissovoy and associates studied the cost effectiveness of IDDSs infusing morphine for failed back surgery syndrome. The research group compared intrathecal morphine therapy to medical management and determined that IDDS therapy was cost effective for patients when the duration of therapy exceeded 12-22 months. 58 Furthermore, in comparing IDDSs to epidural morphine delivery with an external pump, Bedder and colleagues showed that the costs of therapy are equivalent at 3 months (the break-even point), despite the higher upfront costs associated with intrathecal pump implantation. At 1 year, the costs of epidural morphine treatment were twice those of IDDS therapy. 22 
Selection Criteria
No uniform protocol exists for selecting patients with malignant pain for intrathecal therapy. Generally, pain specialists consider patients for IDDSs if they suffer from chronic, intractable cancer pain, report insufficient pain relief or intolerable adverse effects from systemic agents, respond favorably to a screening trial, and have a life expectancy of at least 3 months. 42, 45 Both the patient and pain specialist should carefully assess the decision to proceed with long-term intrathecal therapy because the device requires ongoing management and responsible care.
Trialing Protocol
Techniques for trialing intrathecal agents range from a single injection of drug to continuous infusion of medication with a catheter. There is no consensus that a particular screening protocol leads to a more successful outcome, so techniques vary according to physician preference. All clinicians should assess patients during the trial and include elements of pain, function, mood, and adverse effects. 42, 59 Many practitioners interpret a 50% decrement in pain along with a favorable side-effect profile as predictive of sustained success with an IDDS 60 ; however, no studies provide outcomebased data that support the type or level of improvement necessary for successful IDDS treatment. Regular monitoring of pain relief, functional status, and medication-related adverse effects should be initiated once chronic intrathecal therapy has begun. Physicians and patients must also consider the logistics of ongoing pump maintenance, including refills of drug and dose changes. For example, both unplanned interruptions in therapy that may cause withdrawal symptoms and improper dose escalations can pose serious health risks to a medically vulnerable population of patients.
Oncologists typically refer patients for intrathecal therapy when patients with cancer pain fail comprehensive medical management or experience unacceptable adverse effects from conventional delivery (oral, parenteral, or transdermal) of analgesic medications. A growing number of physicians now refer such patients for intrathecal therapy when the oral route of drug delivery is unreliable. For instance, patients with substantial pain who may be undergoing an aggressive chemotherapeutic regimen may be ideal candidates for the intrathecal approach.
Efficacy of IDDS
Several cohort studies have demonstrated the efficacy of IDDSs for alleviating intractable cancer pain since their inception in 1991. 34, [61] [62] [63] [64] [65] [66] Stronger evidence for effectiveness derives from a multicenter, RCT of over 200 refractory cancer pain patients. In this study, Smith and co-workers compared IDDS therapy (opioid +/− bupivacaine) plus medical management (opioids +/− adjuvants) to medical management alone. 45 At 4 weeks, the IDDS plus medical management group reported greater reduction in pain and drugrelated toxicity, a significant decrease in fatigue, and an elevated level of consciousness. Further, 60% of IDDS patients compared to 42% of medical management patients reported a visual analog scale score of less than 4, which represents mild pain-interference and improved function. 67 Even more striking was the finding of improved survival at 6 months among IDDS patients-54% of IDDS patients alive at 6 months versus 37% of patients alive in the medical management alone group. IDDS therapy may have contributed to longevity by allowing patients to enhance their level of activity, reduce the risk of pulmonary embolism, improve their nutrition, and develop a greater "will to live." 68 
Chemical Neurolysis
In general, neurolysis describes intentional injury to a nerve or group of nerves by chemical (e.g., alcohol or phenol), thermal (heat), surgical, or cryogenic (freezing) methods with the intent to relieve pain. The effects of neurolytic therapy typically persist between 3-6 months, although the response can vary widely. Many pain specialists apply neurolytic techniques to discrete clinical conditions in which patients suffer from refractory cancer pain and have otherwise failed previous analgesic and complementary approaches. Neurolysis is less commonly invoked for nonmalignant pain due to its risks of neuritis, neurologic deficit, damage to non-neural tissue (such as skin or organs) or nontargeted neural structures, and impermanent effects. Additionally, the therapy can render incomplete pain relief due to existing adhesions, tumor burden, or nerve regeneration. Nonetheless, neurolysis can provide effective analgesia and life-enhancing benefits when applied appropriately. For instance, alcohol neurolysis for irreversible abdominal pain from pancreatic cancer can provide significant analgesia for up to 6 months and improve survival (P < 0.0001). 69 There are several sites for neurolytic blockade of the sympathetic nervous system for the treatment of cancer pain (Table 3 ; Fig. 4 ). Sympathetically mediated pain associated with gastrointestinal and genitourinary cancers tends to respond to celiac plexus, SHP, or ganglion impar neurolytic blocks.
Neurolytic techniques more effectively treat discrete, well-circumscribed pain that patients can identify easily (such as hemithoracic pain from malignancy). Interestingly, visceral painoften diffuse and vague generally-responds to neurolysis despite its broadly based clinical features. For instance, celiac plexus or splanchnic neurolysis is often considered in patients with abdominal and referred back pain secondary to visceral or retroperitoneal malignancy in the abdomen, and SHP neurolysis can effectively reduce pelvic pain due to visceral pelvic cancers. Empirical data suggest that visceral and somatic pain respond more favorably to neurolytic therapy than does neuropathic pain. Neurolytic agents predominantly affect neuronal axons, not cell bodies; therefore, pain relief is temporary secondary to axonal regeneration and neural plasticity. 70 For chemical neurolysis, clinicians generally use phenol, absolute alcohol, or glycerin. Chemical neurolysis is preferred over other modalities for procedures that must disrupt diffuse neural networks, such as the SHP and the celiac plexus.
Pain physicians typically use alcohol or phenol when lysing neural structures for analgesic purposes. For instance, alcohol was first used as a neurolytic agent in 1902 in order to treat trigeminal neuralgia. 71 This agent is quite noxious and can induce a burning sensation in the region to which it is targeted. Therefore, pretreatment with a local anesthetic should be strongly considered. Phenol was first introduced in the 1950s and gained widespread popularity, in part because of its analgesic as well as neurolytic properties. 71 
Neuraxial Neurolytic Blocks
Neuraxial neurolysis dates back to 1931 when Dogliotti described the use of subarachnoid alcohol for the treatment of sciatic pain. 70 Since that time, neuraxial chemical neurolysis via the intrathecal or epidural approach is only considered in advanced, irreversible, and progressive illness (such as cancer) due to the severity of potential complications. Careful patient selection and technique are therefore critical. For instance, the pain should be well localized in a patient with a short life expectancy. 72 Intrathecal neurolysis is strongly considered in patients with terminal cancer pain, pain that is unresponsive to typical analgesic modalities, patients with unilateral pain that is localized to adjacent dermatomes in the trunk, thorax, or abdomen, and pain that is located away from the innervation of the extremities and sphincters. 72 More successful outcomes with one particular intrathecal neurolytic agent have not been confirmed, though many pain specialists believe that alcohol produces better analgesia with longer duration than phenol. Patients undergoing neurolytic therapy realize that the block will gradually lose effectiveness over time and may need to be repeated. Furthermore, their malignancy may progress and cause pain in other regions of the body.
Anatomy and Function. Neuraxial neurolysis is intended to selectively interrupt sensory transmission while sparing motor function in the affected area (Fig. 5) . This is possible due to the division between sensory and motor fibers of the spinal cord: the dorsal root carries sensory fibers and the ventral root carries motor and sympathetic fibers. 73 Hence, neurolysis is designed to block nociceptive input from injured tissues at the spinal and epidural level. This is accomplished by selectively injuring the dorsal roots and rootlets between the spinal cord and the dorsal root ganglion. Predictable, segmental sensory loss occurs by proper patient positioning, correctly selecting the targeted level of injection, and choosing the appropriate neurolytic agent for intrathecal procedures based on baricity (alcohol is hypobaric and phenol is hyperbaric relative to the cerebrospinal fluid). Before performing the block, the appropriate dermatome (Fig. 6 ) (superficial distribution of nerves) or sclerotome (Fig. 7) (deep distribution of nerves) chart should be reviewed to determine which nerve roots will be affected. 74 Relationships between spinal vertebrae and spinal cord levels should also be understood to aid in selecting the appropriate vertebral interspace for the injection (Fig. 8) .
Epidural neurolytic blocks can be used as an alternative approach to intrathecal blockade, but the degree of analgesia produced may be less profound. Moreover, intrathecal injections confer greater control over drug spread due to their hypobaricity or hyperbaricity in the cerebrospinal fluid. Technique. Most pain specialists perform a prognostic local anesthetic spinal blockade prior to the neurolytic block to confirm the correct level. Choice of neurolytic agent depends on pain location and positioning possibilities for individual patients. The technique for intrathecal (subarachnoid) neurolysis requires careful evaluation to identify the sclerotomal or dermatomal distribution of pain. 70 The patient is positioned in a lateral decubitus or sitting position and angled 45
• toward the prone or supine direction depending on the agent selected. For example, if alcohol is used, the patient is placed in the lateral position with the affected side uppermost. Alternatively, the patient is positioned with the painful side dependent if phenol is used. In either case, the dorsal rootlets must be positioned in a manner that maximizes flow of neurolytic agent to the targeted anatomic region. The skin is sterilized and local anesthetic is injected along with reasonable sedation for patient comfort and cooperation. A 20-22 gauge spinal needle is inserted into the appropriate vertebral interspace with the bevel pointed down until entry into the subarachnoid space is detected. Alcohol or phenol is then injected in 0.1 mL increments to a total of 0.5 to 0.7 mL for treatment of one to two dermatomal levels. Neurolytic agent is injected only after the patient is properly positioned to localize spread based on the baricity of the solution. 71 Alcohol elicits transitory burning, whereas the local anesthetic properties of phenol prevent the occurrence of this symptom. When conducting a subarachnoid block in regions near or superior to the conus medullaris, care must be taken to avoid inadvertent needle insertion into the substance of the spinal cord.
Side Effects and Complications. There is sparse documentation of complications in the literature. Nonetheless, adverse effects of intrathecal neurolysis may include loss of touch and position sense, rare meningitis, loss of motor function from accidental neurolysis of the ventral rootlets, and postdural puncture headache. The latter is more associated with phenol because larger caliber needles (20 gauge or higher) are required to overcome the viscosity of the solution. Phenol also has a relatively high affinity for the vasculature; therefore, spinal artery thrombosis can rarely occur. Muscle weakness of the extremities and weakness of the rectal and urinary sphincters occur frequently, though transiently. Most complications resolve within a month in nearly three-quarters of patients. 75 Some studies suggest complication rates as high as 40%, which include spinal headache, paresthesias, and intense numbness of the blocked area. 71 Efficacy. One study evaluated 1908 patients with cancer receiving subarachnoid neurolysis and noted a 78-84% favorable response in patients with somatic pain. It must be noted however, that only 19-24% of patients with visceral pain had positive responses, suggesting that intrathecal neurolytic blockade may less adequately treat pain of visceral origin. 75 Intrathecal alcohol and phenol seem to produce similar analgesic outcomes. For instance, Bonica and colleagues reported that 61% of 1634 cancer patients receiving intrathecal alcohol neurolysis experienced good pain relief and 58% of 1982 patients receiving phenol described good pain relief. 76 Thoracic epidural neurolysis with phenol or alcohol has produced analgesia in 80% of cancer pain patients with a maximal duration of greater than 3 months. 76 
Celiac Plexus Block and Neurolysis
Percutaneous, neurolytic celiac plexus block (NCPB) was first described by a German physician named Kappis in 1919 77 and then in 1927 by Takats. The procedure became more popular in 1964 when Bridenbaugh published the positive effects of the neurolytic blockade in a series of 41 patients with pain due to pancreatic cancer. 78 NCPB remains one of the most useful and applicable among the array of neurolytic blocks performed. This technique can effectively control pain due to pancreatic tumors, other primary intra-abdominal tumors, or hepatic metastatic tumors. [78] [79] [80] Anatomy. The celiac plexus is a network of neuronal ganglia located underneath the diaphragmatic crus in the retroperitoneal space (Fig. 9) . 81 Primary adjacent structures include the celiac artery and the aorta; the plexus lies anterior and lateral to the aorta, 82 and immediately inferior to the celiac artery's origin at the superior border of the first lumbar vertebra. 83 The greater, lesser, and least splanchnic nerves perforate the diaphragmatic crura and contribute to the celiac plexus. These nerves are derived from branches of the sympathetic rami communicantes at the T5-T12 segmental levels. 84 The plexus varies in number of ganglia (2-5), size (0.5-4.5 cm), and location (from the 12th thoracic vertebra to the 2nd lumbar vertebra). The celiac ganglia contain pre-and postganglionic sympathetic efferent fibers, preganglionic parasympathetic fibers, and visceral sensory afferent fibers. The parasympathetic fibers to the plexus derive from the vagus nerve, particularly the right, posterior vagus nerve. 84 The plexus itself cannot be visualized directly by current imaging modalities, thus correct execution of NCPB relies on full understanding of the surrounding anatomy.
Function. The celiac plexus relays multiple nerve signals. For example, it receives sympathetic fibers from three splanchnic nerves (the greater, lesser, and least), vagal parasympathetic fibers, and visceral afferent fibers. Nociceptive transmission occurs by means of these nerves, which innervate the pancreas, liver, gallbladder, stomach, spleen, kidneys, intestines, adrenals, and all abdominal vessels except the left colon, rectum, and pelvis. 86 Accordingly, pain caused by pathologic conditions of these anatomic structures can be interrupted by neurolytic blockade at the level of the celiac plexus or splanchnic nerves.
Techniques. There are several techniques to access the celiac plexus: percutaneous using fluoroscopy or computed tomographic (CT) imaging, surgical, and endoscopic ultrasound. Only the percutaneous approaches are reviewed in this article.
The first percutaneous technique was associated with a relatively high incidence of neurologic complications from excessive posterior spread of agent. 87 However, subsequent methods have become safer by better limiting the spread of the neurolytic solution to the celiac plexus exclusively, often with the aid of CT guidance. 88 Four common percutaneous techniques are listed. Three of these represent posterior approaches (transcrural, retrocrural, and transaortic), and one is an anterior technique (anterior approach). Fluoroscopy or CT imaging can be used for all except the anterior approach, which requires CT scan or ultrasound.
Generally, all patients remain in the prone position for 20-30 min after neurolytic injection to reduce the risk of posterior spread of lytic agent and subsequent injury to the spinal canal or neuroforamina. Patients are monitored for symptoms of bleeding, hypotension, or vascular or neurologic injury. Coagulation studies and platelet count should be carefully reviewed prior to the procedure and found to be within normal limits. Needles should be flushed with saline or local anesthetic prior to removal to avoid depositing neurolytic agent along the needle track.
Transcrural Approach. The transcrural approach to the celiac plexus represents one of the earliest attempts to target this structure by placing a needle anterior to the diaphragm in the plane of the aorta. This technique was discovered after evaluating CT images of a needle's trajectory toward the celiac plexus after avoiding the renal parenchyma, major vessels, vertebral body, and lung parenchyma. 81 This procedure requires the patient to lie prone with a pillow beneath the abdomen to reduce the natural lumbar lordosis. Two needles (frequently 22 gauge and 5-7 inches in length) are often used under fluoroscopic guidance or CT imaging (Fig. 10A) . The left side needle is inserted 4 cm lateral to midline with the tip approaching the anterolateral aspect of the aorta. The right side needle is inserted 5-10 cm lateral to midline and is directed between the inferior vena cava and the aorta. Each needle traverses the diaphragmatic crus, and eventually lies anterior to this structure. Proper needle location is confirmed with radiographic contrast followed by a test dose of local anesthetic with epinephrine to ensure nonvascular uptake and a non-neuraxial injection. Next, a reasonable volume (for example, 16-20 mL) of local anesthetic is used as a diagnostic block prior to injecting a neurolytic agent (10% phenol or approximately 20-25 mL of 80-100% alcohol). This technique offers a more focused distribution of neurolytic agent and has reduced the incidence of major nerve damage associated with larger volumes and spread of active agent. 82 Retrocrural Approach. The retrocrural approach can be slightly modified from the classic technique 84, 85 to include bilateral needle insertion that initially contacts the T12 or L1 vertebral bodies and is ultimately advanced to the anterolateral surface of T12. Essentially, the retrocrural technique blocks the thoracic splanchnic, vagal, and sensory afferent fibers that compose the celiac plexus. 89 This block is often considered when tumor burden is extensive in the pre-aortic region, thus limiting adequate spread of neurolytic agent over the celiac ganglia. Two 20-22 gauge, 5-7 inch needles are inserted bilaterally, inferior to the 12th rib, and no more than 7.5 cm lateral to midline. Once the needles contact the vertebral body, they each can be "walked-off" and advanced 1-3 cm or until aortic pulsations are transmitted to the left side needle. Appropriate needle course is guided by fluoroscopy or CT imaging. CT guidance will demonstrate the needles' location with respect to pertinent structures, such as the vertebral body, aorta, inferior vena cava, kidney, and diaphragm. Both needles remain posterior to the diaphragmatic crura. Splanchnic nerve blocks require passing the needle to the lateral edge of the middle to superior aspect of the T12 vertebral body. 84 Near the upper border of T12, just superior and posterior to the crura, the splanchnic nerves lie within a supracrural compartment, which helps to confine solution alongside the anterolateral borders of the T10-T12 vertebral bodies. 84 Similar to the transcrural method, steps are taken to verify position with radiographic contrast and local anesthetic with epinephrine before producing a diagnostic blockade with local anesthetic followed by neurolytic injection. However, slightly lower total volumes of local anesthetic (e.g., 10-16 mL) and neurolytic agent (e.g., 10-15 mL of 10-12% phenol or 80-100% alcohol) are typically injected. 90 The solution travels superiorly and posteriorly around the splanchnic nerves, limited inferiorly by the crura, laterally by the parietal pleura, and anteriorly by the great vessels. 84 Transaortic Approach. The transaortic technique 88, 91 involves the insertion of a single needle from a posterolateral entry site and passing it through the aorta to the celiac plexus (Fig. 10B) . Data suggest that this technique compares favorably to the classic approach in safety and efficacy. 88, 91 The presence of aortic aneurysm, significant mural calcifications, or mural thrombus is a contraindication to this approach.
Patients are placed prone with a pillow under the abdomen to flex the lumbar spine. Images are taken between T12 and L2 to identify the aorta, celiac artery, and superior mesenteric vessels. A 20-22 gauge, 7-inch needle is inserted 4-7 cm to the left of midline below the 12th rib. If the transverse process of T12 or L1 is encountered, the needle is redirected more superiorly or inferiorly. If the needle encounters the vertebral body, it is redirected until it slips off the lateral aspect of the bone. A loss of resistance is felt as the posterior aortic wall is penetrated, and arterial blood is observed upon stylet removal. A loss of resistance syringe containing sterile, preservative-free saline is attached to the needle, which is slowly advanced through the aorta with constant, gentle pressure on the plunger. As the needle penetrates the anterior wall of the aorta, an increase in resistance on the plunger occurs. A loss of resistance then ensues once the needle extends past the aortic wall and into the retroperitoneal area, adjacent to the celiac plexus. Three to 5 mL of radiographic contrast is injected to confirm proper spread of solution anterior to the crura and along pre-aortic tissue planes. Injections of a test dose of local anesthetic with epinephrine, plain local anesthetic (e.g., 6-8 mL), and 15 mL of absolute alcohol follow in succession. Aspiration applied to the needle must be performed prior to injecting any drugs so that the clinician can avoid intravascular position of the needle tip.
Anterior Approach. With the patient in a supine prone position, a single spinal needle is placed inferior to the xiphoid process. Under CT guidance or ultrasonographic guidance, the needle can be directed to the pre-aortic region of the celiac plexus. Careful needle positioning is mandatory to avoid injury to the liver, bowel, pancreas, and superior mesenteric and celiac arteries using this technique. 92 Side Effects and Complications. NCPB can be associated with several complications, including pain at the site of injection causing backache, hypotension, hematuria from renal injury, pneumothorax, diarrhea, and impotence. 93 The minor sequelae, hypotension and diarrhea, are transient and common to all approaches due to the occurrence of sympathetic blockade. For instance, generalized vasodilatation and prolonged diarrhea can result from loss of sympathetic tone to the vasculature and gastrointestinal tract. 79 Hypotension can be attenuated with proper preloading of crystalloid solution.
One of the most serious complications of NCPB, paraplegia may occur in approximately 1% of patients undergoing the retrocrural (classic) technique, 94 but the incidence is reported to be as low as approximately 1 per 700 in a retrospective analysis. 93 This survey studied 2730 patients and found only four cases of major complications, which included bowel or bladder dysfunction and paralysis. 93 Theoretical mechanisms leading to paralysis involve ischemia of the anterior spinal cord from alcohol-induced vasospasm or mechanical injury to the artery of Adamkiewicz. 95, 96 Some studies indicate that unilateral celiac plexus block, in which half the typical volume of neurolytic agent is injected may reduce procedural pain and diarrhea while still providing adequate pain control. 97 Expert consensus considers radiographic or ultrasonographic guidance mandatory for safe and correct needle placement while performing a celiac plexus block. Whether CT or fluoroscopy is the best imaging modality has yet to be determined, 98, 99 though CT allows threedimensional views of needle positioning compared to two-dimensional views afforded by fluoroscopy.
Efficacy. Short-term efficacy of NCPB at 1 week is noted to be as high as 90% in one RCT comparing the effects of NCPB to a nonsteroidal anti-inflammatory drug (NSAID)-opioid regimen in patients with pancreatic cancer pain. 100 In fact, NCPB reduced opioid consumption and associated adverse effects for 4 weeks with continual benefit until death in patients with advanced disease.
In a similar RCT of 24 patients with pancreatic cancer, one group was given an NCPB while the control group received pharmacological therapy for pain. 101 Adjunctive treatment for pain control was provided by adherence to the WHO 3-step analgesic ladder for each group, and patients were followed until death. Although the study did not find a statistical difference in pain relief between the two groups, the opioid and NSAID consumption of the neurolytic group was significantly less than that of the group receiving pharmacological therapy. Furthermore, negligible sequelae resulted from the NCPB. Given the clinical benefit associated with the reduction in analgesic consumption, the authors concluded that NCPB can effectively treat pancreatic cancer pain.
A meta-analysis of NCPB for pancreatic and other intra-abdominal cancer pain demonstrates that 90% of patients receiving this therapy reported partial to complete pain relief at 3 months, while 70-90% of patients had partial to complete pain relief at the time of death, even if death occurred more than 3 months after the NCPB. 79 Failures. Anatomic changes that results from the tumor 102 or prior surgery 103 may reduce the success of NCPB in alleviating pain. Further, metastatic disease, tumor extension beyond the neural domain of the celiac plexus, and nerve regrowth may yield failures in pain control despite a properly blocked celiac plexus. 86 
Superior Hypogastric Plexus Block and Neurolysis
Anatomy. In general, dual projections from the thoracolumbar and sacral portions of the spinal cord innervate the pelvis and then coalesce into neuronal plexuses that send fibers throughout the pelvis. The pelvic viscera receive neurons from the sympathetic (thoracolumbar) and parasympathetic (craniosacral) nervous systems. Visceral afferent fibers traveling in the sympathetic trunk contain their cell bodies in the dorsal root ganglia between T10-L2. Likewise, visceral afferent fibers traveling with parasympathetic fibers contain their cell bodies in the dorsal root ganglia arising from S2-S4. These fibers create a neuronal network called the SHP, which lies anterior to the sacral promontory at the L5-S1 level (Fig. 11) .
The sympathetic fibers that contribute to the SHP originate from the anterolateral cell column of the spinal cord at the level of T11-12. Via the lower thoracic and upper lumbar paravertebral sympathetic ganglion, sympathetic fibers communicate to either the aortic plexus or the sacral sympathetic trunk. The aortic plexus gives rise to the SHP and inferior hypogastric plexus. 104 The SHP itself is located retroperitoneally in the subserous fascia of the common iliac bifurcation, which lies in proximity to the lower third of L5 and upper third of the S1 vertebral bodies. 105 Function. The SHP transmits sensory information from the bladder, rectum, prostate, testes, vagina, uterus, ovaries, and descending and sigmoid colon. Additionally, the SHP sends sensory fibers to the pudendal and ilioinguinal nerves which innervate the perineum, anus, penis, scrotum, and clitoris. The SHP also contributes to sympathetic regulation of the pelvic organs with respect to sexual function. 106 Techniques. While SHP ablation can be performed invasively by laparotomy or laparoscopy, minimally invasive, percutaneous modalities will be the focus of this discussion.
The percutaneous approach was initially described by Plancarte et al. in 1990 for the treatment of pelvic cancer pain. 107 Since that time, SHP blocks/neurolysis have been successfully used for the relief of pain in both cancer and noncancer conditions. [107] [108] [109] Either fluoroscopic or CT-guided 110, 111 imaging can be selected for any of the common anatomic approaches to the SHP: posterior, transdiscal (posterior), or anterior.
Posterior Approach. With the patient in the prone position, the L4-L5 interspace is approximated using the iliac crest and spinous process as anatomic guides. 107 A pillow beneath the pelvis aids in flattening the lumbar lordosis. After standard aseptic preparation and dressing, an area 5-7 cm bilateral to midline at the L4-L5 interspace is anesthetized with local agent and a 7-inch, 22-gauge short-beveled needle is inserted toward the midline at 30
• caudad and 45
• medially. Each needle is guided to the anterolateral aspect of L5 vertebral body. If the transverse process or vertebral body of L5 is encountered, the needle may be redirected or "walked off" these surfaces so the needle tip is ultimately positioned 1 cm beyond the vertebral body. A loss of resistance may be felt once the needle tip has exited the anterior fascial boundary of the ipsilateral psoas muscle. Either fluoroscopy or sequential CT imaging is used during needle passage to verify correct positioning.
Once the needle tips are verified to be at the L5-S1 junction and just beyond the anterolateral border of the vertebral body, 3-4 mL of radiographic contrast are injected to confirm correct needle position. Lateral imaging should demonstrate a smooth posterior contour of contrast along the L5-S1 junction, and anterior-posterior (AP) imaging will show flow of contrast at the midline region. A total of 15-20 mL of local anesthetic (for instance, 0.25% bupivacaine) is then injected for diagnostic purposes. A "test" dose of local anesthetic with epinephrine may be injected as an additional precaution before hypogastric plexus blockade with local anesthetic or neurolytic agent. For neurolytic blocks, 5-8 mL of 10% phenol through each needle has proved efficacious, 106, 107 while a total of 15-30 mL of 100% alcohol has shown to be effective when using this lytic agent. 112, 113 A single-needle posterior approach with CT guidance was described by Waldman and colleagues that suggests easier, safer, and more accurate needle placement for blocking the SHP than the two-needle posterior technique described previously. 114 However, some pain specialists have reported greater success with the dual needle, posterior approach in patients with pelvic cancer pain. 108 Transdiscal Approach. The transdiscal approach is similar to the technique described by Erdine and associates 115 with slight modifications 114 ( Fig. 12A and B) . The patient is placed in the prone position in like manner to the posterior approach. The L5-S1 level is identified with imaging. If fluoroscopy is used, the scope is directed 15-25
• obliquely and angled cephalad to obtain the best image of the intradiscal space. Needle insertion is approximately 5-7 cm from the midline. A 22-gauge, 7-inch needle is then advanced through the disc under imaging guidance. One-half millimeters of radiographic contrast may be injected to verify intradiscal position. Next, the needle is advanced through the disc and into the retroperitoneal space. Three milliliters of radiographic contrast verifies proper position and spread of agent under imaging. A total of 15 to 20 mL of local anesthetic can be used as a diagnostic or prognostic tool. Five milliliters of 10% phenol through each needle is effective in controlling pelvic pain associated with cancer, 115 though clinical experience suggests that 15-30 mL of 80-100% alcohol may equivalently treat pelvic cancer pain. Either 0.5 mL of air, saline, or local anesthetic should be given through the needle before withdrawal to prevent neurolytic spread within the disc or soft tissues of the lower back. Prophylactic antibiotics (such as cephazolin) should be considered intravenously and intradiscally to prevent discitis. 116 Anterior Approach. The anterior approach to the SHP has been described using fluoroscopic 115 and CT guidance.
109-111
The anterior approach using fluoroscopy 116 targets the SHP proximal to the bifurcation of the iliac vessels by entering the skin midline about 2-3 cm inferior to the umbilicus with the patient in 15
• Trendelenberg and supine. A 22-gauge, 6-inch needle is inserted in the midline toward the L5 vertebral body. Once the needle tip reaches the inferior two-thirds of L5, the needle is aspirated to rule out arterial or venous puncture. Aspiration may also be performed to exclude ureteral or gut injury. Radiographic contrast is injected to verify spread of solution in the AP and lateral views. A total of 20-30 mL of 0.25% bupivacaine is then deposited.
The CT-guided anterior approaches essentially use a 20-23 gauge, 4-5 inch needle that is inserted at the midline, between the umbilicus and the symphysis pubis after scanning from L3-S2. 110, 111 The needle tip is positioned anterior to the left iliac vein, between the iliac vessels, and inferior to the aortic bifurcation. Following negative aspiration, 2 mL of radiographic contrast is injected. Assuming proper spread, 15 mL of local anesthetic (often 0.25% bupivacaine) is deposited. For neurolytic purposes, between 10-20 mL of alcohol, 60% and greater, has been used successfully. 110, 111 In one study, systemic antibiotics (such as cefuroxime 2.25 g) were provided as prophylaxis against needle perforation of the small intestine. 111 Surgical Approach. Surgical techniques were initially developed to address pelvic pain by presacral neurectomy (cutting or excising nerve fibers to interrupt neural input) via laparoscopy 117 ; however; there can be numerous complications associated with this method including injury to lymphatics, 118 major vessels (including iliac vessels), bowel, bladder, and ureters, as well as the onset of increased pain. 119 Laparoscopic presacral neurectomy is noted to be a difficult procedure, so neurectomy may be more effectively replaced by chemical neurolysis performed either laparoscopically or percutaneously. 117 Side Effects and Complications. Percutaneous SHP neurolysis has few documented complications associated with the posterior, transdiscal, or anterior approaches. In one of the larger studies, there were no significant complications or adverse effects. 120 In an RCT comparing early and late SHP neurolysis with medical management, acute hypotension and localized tenderness were noted as the most significant adverse effects, both of which resolved spontaneously with minimal intervention. 112 Possible complications include bladder puncture, retroperitoneal hematoma (including damage to the iliac vessels), needle injury to the L5 or S1 nerve roots, 121 and mechanical or chemical injury to the lumbar plexus and genitofemoral nerve. 122 The transdiscal approach may be associated with discitis or mechanical damage to the disc, though no complications were reported in the study by Erdine and colleagues. 115 The literature has shown the risk of discitis to be about 1-4% with transdiscal needle insertion. 115 The anterior technique risks injury to the bowel, small intestine, bladder, and iliac vessels; however, none of the more recent investigations report relevant complications. 110, 111, 116 Advocates of the anterior approach cite its superiority over alternative approaches because the former is simpler, and reduces the risk of injuring the aorta, iliac veins, or lumbar nerves. 109, 110 Efficacy. In a large trial of 227 patients with pelvic pain secondary to gynecological, colorectal, or genitourinary cancer, 79% of patients had a positive response to a diagnostic SHP block, and 72% reported effective pain relief and significant reduction in opioid consumption following neurolytic block. 120 At the 6-month follow-up, 69% had continued pain relief, with a 67% reduction in opioid use for pain control. 120 In the only RCT comparing neurolytic SHP with opioid therapy, neurolytic SHP was found to significantly reduce cancer pain intensity, opioid consumption, and drug-induced adverse effects while enhancing quality of life.
112
Failures. Diagnostic or prognostic injection of local anesthetic helps to predict whether chemical neurolysis will benefit the patient. In spite of positive diagnostic tests, failures occur with neurolysis. For instance, some patients experience no pain relief, report minimal relief, or report that pain relief is transient. However, transient pain relief is still reported as beneficial with a modest (45%) reduction in opioid usage. 120 CT-guided techniques and larger volumes of neurolytic agent may reduce treatment failures.
Ganglion Impar Block and Neurolysis
The ganglion impar (GI) block was first described by Plancarte et al. in 1990 for the treatment of intractable perineal cancer pain of sympathetic etiology. 123 Alternative approaches have been reported during the intervening period with successful outcomes. [124] [125] [126] [127] The primary indications for this procedure are sustained visceral or sympathetically maintained perineal pain from cancer (especially anal or rectal cancer) or noncancer (e.g., coccydynia) origin.
Anatomy. The GI is a single, semicircular, retroperitoneal structure often positioned midline at the level of the sacrococcygeal junction and represents the termination of the paravertebral sympathetic chains (Fig. 13) . The GI contains grey rami communicantes that travel to sacral and coccygeal nerves, though the precise neural network is incompletely understood.
Until recently, the impar's location was inconsistently described; it ranged from the anterior aspect of the sacrococcygeal joint 128, 129 to the body or tip of the coccyx. 130 A recent anatomic study has identified the GI as more commonly located anterior to the lower portion of the first coccygeal body. This location was determined after micro-anatomic dissection of 50 sacrococcygeal structures. 130 Function. The GI contains visceral afferent fibers that innervate the perineum, distal part of the rectum, anus, distal urethra, distal third of the vagina, and vulva. 131 The impar seems to lack white rami communicantes. Patients often complain of burning sensations and urinary and rectal urgency associated with GI dysfunction.
Techniques. Four techniques are described in the literature for placement of the GI block: anococcygeal, trans-sacrococcygeal, coccygeal transverse process, and intercoccygeal. For all four techniques, proper needle placement in the retroperitoneal space is usually noted with the formation of a "comma sign" produced by 1-2 mL of radiographic contrast in lateral fluoroscopic view. 123, 126 Next, 1-3 mL or 4-8 mL of preservative-free local anesthetic (such as 0.25% bupivacaine) is injected for diagnostic or prognostic purposes, depending on needle proximity to the GI. Therapeutic neurolysis is accomplished with 1-2 mL of 10% phenol or absolute alcohol 125 or 4-8 mL of 10% phenol, 123 again based on the proximity of the needle tip to the GI. For example, the closer the needle tip is positioned to the GI, the lower the volume of injectate is required.
A novel approach has been described using radiofrequency ablation of the GI in lieu of chemical neurolysis for the treatment of noncancer-related perineal pain. 131 In the future, this technique may hold promise for alleviating pain of malignant origin while reducing the risk of complications associated with chemical neurolysis. Anococcygeal Approach. This approach was first described by Plancarte in 1990 using a bent needle technique 71, 123 (Figs. 13 and 14) . With the patient in the lateral decubitus position and knees bent against the abdomen, the anococcygeal ligament is palpated inferior to the coccyx. A 60
• curved, 22 gauge, 3.5-inch needle is placed through the anococcygeal ligament and directed cephalad with a slightly posterior angle to minimize the risk of rectal perforation. Proper position of the needle is noted when the tip has reached the sacrococcygeal junction. The practitioner may perform a continuous rectal exam to confirm the integrity of the rectum. A similar technique has been modified with the patient in a frog-legged position to extend the distance from the anococcygeal ligament to the impar in order to eliminate the need for needle angulation. 132 Trans-Sacrococcygeal Approach. The sacrococcygeal approach was first described by Wemm and colleagues in 1995. 133 In this technique, the patient is placed in the lateral decubitus position with both knees flexed, and fluoroscopy is used to identify the sacrococcygeal joint (Fig. 15) . A 22-gauge, 3.5-inch needle is used to penetrate midline through the sacrococcygeal ligament and into the retroperitoneal space. Local anesthetic or neurolytic agent is injected in a quantity sufficient to cover the sacrococcygeal joint and to ensure blockade of the GI.
Intercoccygeal Approach. This technique has been described most recently (2006) and entails the insertion of a 22-gauge, 2-inch needle through the space between the first and second coccygeal bones. 124, 125 After proper spread of radiographic contrast, 1 mL of 4% lidocaine is deposited as a prognostic test prior to injecting 4 mL of 100% alcohol.
Coccygeal Transverse Approach. In 2004, Huang reported this technique as an alternative to the sacrococcygeal approach. 134 Needle entry is inferior to the transverse process of the coccyx. The patient is placed in the prone or lateral position, and a bent or curved 22-gauge, 3.5-inch needle is directed superiorly and medially toward the sacrococcygeal junction. If the coccyx is encountered, the needle is repositioned inferiorly and walked off the bone. The needle is inserted near the anterior surface of the coccyx until it reaches the sacrococcygeal junction. Local anesthetic and/or neurolytic agent can be injected after correct needle position is verified by fluoroscopy.
Side Effects and Complications. There are currently no reported complications in the literature 105, 135 ; however, theoretical risks include needle breakage, failure of the block/neurolysis (e.g., secondary to tumor spread), rectal perforation, periosteal injection, sacral nerve root injury, epidural injection, and motor, sexual, bowel, or bladder dysfunction from accidental spread of neurolytic agent. 126, 131 Clinical Effectiveness. Two prospective studies have reported good efficacy of neurolytic blockade of the GI using 6% phenol for unremitting perineal pain due to cancer. 123, 136 In another study, the effects of radiofrequency ablation of the GI produced a 50% decrease in pain scores, with average duration of 2.2 months and no complications.
131
Failures. Failures can be attributed to the variable anatomic location of the GI and incomplete understanding of visceral nociceptive processing and specific neural connections that lead to and from the GI.

Conclusion
A significant number of patients with cancer may suffer from considerable pain at some point during their disease. Application of the WHO analgesic guidelines is a critical component to managing cancer pain effectively. However, healthcare professionals must consider the array of interventional pain-relieving strategies currently available that can substantially improve the quality of life of patients suffering from cancer pain. These procedural interventions include epidural and intrathecal infusion therapies, IDDS, and neuraxial interventions, such as celiac plexus, SHP, and GI neurolytic blocks. Many of these procedures offer rapid and effective analgesia with less toxicity than oral or parenteral agents, permit dose reductions of systemic analgesics, serve as an alternative to cases of refractory pain, and enhance performance status and quality of life of patients with cancer pain. Some interventions (such as IDDS and celiac plexus neurolysis) even confer a survival benefit among those patients treated with the therapy. 45, 69 Clearly, pain practitioners face complex clinical challenges while treating cancer pain patients. Today, interventional pain-relieving approaches should be considered as a critical component of a multifaceted therapeutic program of cancer pain relief.
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